a b s t r a c t Focal brain metabolic effects detected by proton magnetic resonance spectroscopy (MRS) in obsessivecompulsive disorder (OCD) represent prospective indices of clinical status and guides to treatment design. Sampling bilateral pregenual anterior cingulate cortex (pACC), anterior middle cingulate cortex (aMCC), and thalamus in 40 adult patients and 16 healthy controls, we examined relationships of the neurometabolites glutamateþglutamine (Glx), creatineþphosphocreatine (Cr), and choline-compounds (Cho) with OCD diagnosis and multiple symptom types. The latter included OC core symptoms (YaleBrown Obsessive-Compulsive Scale -YBOCS), depressive symptoms (Montgomery-Åsberg Depression Rating Scale -MADRS), and general functioning (Global Assessment Scale -GAS). pACC Glx was 9.7% higher in patients than controls. Within patients, Cr and Cho correlated negatively with YBOCS and MADRS, while Cr correlated positively with the GAS. In aMCC, Cr and Cho correlated negatively with MADRS, while Cr in thalamus correlated positively with GAS. These findings present moderate support for glutamatergic and cingulocentric perspectives on OCD. Based on our prior metabolic model of OCD, we offer one possible interpretation of these group and correlational effects as consequences of a corticothalamic state of elevated glutamatergic receptor activity alongside below-normal glutamatergic transporter activity.
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Introduction
Regional neurometabolic investigations of obsessive-compulsive disorder (OCD) using proton magnetic resonance spectroscopy (MRS) are clinically relevant to the development of objective diagnostic, symptomatic and prognostic indices, as well as to molecular and anatomic targeting in the design of behavioral, pharmacological, neurostimulatory, and neurosurgical interventions (Brennan et al., 2013) .
Intriguing theories of OCD have emerged from such investigations. The best-known theory is the Glutamatergic Hypothesis of OCD (Rosenberg and Keshavan, 1998) . It is supported by evidence from MRS, clinical trials, and genetics (reviewed by MacMaster et al. (2008) and Pittenger et al. (2006 Pittenger et al. ( , 2011 ), including some of our work (Feusner et al., 2009; O'Neill et al., 2013a) . MRS evidence includes differences between OCD patients and healthy controls in levels of glutamate (Glu) or glutamateþglutamine (Glx), correlations of these levels with OCD symptoms, and changes in the levels after therapy. The Cingulocentric Theory of OCD (Middleton, 2009) is not as well known as the Glutamatergic Hypothesis. The Cingulocentric Theory updates classical cortico-striato-pallidothalamo-cortical models of OCD. It is supported by OCD-related neuroimaging findings (reviewed in Saxena et al. (2009a)), including our work (O'Neill et al., 2012 (O'Neill et al., , 2013a Saxena et al., 2009b) , in the cingulate gyrus. Such findings have been seen in the pregenual anterior cingulate cortex (pACC) and anterior middle cingulate cortex (aMCC) subregions of the cingulate gyrus. The thalamus forms neural circuits with pACC and aMCC and is also a frequent site of imaging findings in OCD (e.g., Mirza et al., 2006; Rosenberg et al., 2001; Saxena et al., 2009b; Smith et al., 2003) . Finally, a third perspective on OCD is that it shares certain anatomic and physiological bases with attention deficit-hyperactivity disorder (ADHD), a condition that is, in a sense, its symptomatic opposite (Abramovitch et al., 2012; Carlsson, 2000) . Pursuing this notion, we recently extended the Cingulocentric Theory to apply to ADHD (O'Neill et al., 2013b 
